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LEARN NG (BIECTIVES  There are no | earni ng objectives or tests for this
lesson. However, you wll be using the naterial covered here throughout the
electrical portion of this course.

QJILI NE

1. RAMBNGFTHEBASCPRNIAES - HECIRATY

a.  Renenfer high school science? Mitter is everything that has nass or
occupi es space. To hel p understand el ectricity, we shoul d knowthat every-
thing is nade up of billions of atons. Aons can be broken down into protons,
neutrons, and el ectrons.

b. Aons

(1) An atomis constructed somewhat |ike the solar system where the
sunis the center or core and the planets revolve in orbits around the sun.

(2) The protons and neutrons wll concentrate in the center and the
electrons wll be distributed in rings varying di stances fromthe center.
Hectrons on the inner rings are call ed bound el ectrons and the el ectrons on
the outer ring are called free electrons. V&Il talk nore about thisina
little while.

(3) Aprotonis saidto have a (+) positive charge of electricity
and an electron is said to have a (-) negative charge of electricity. A
neutron has no el ectrical charge or is neutral .

(4 The proton and the el ectron are attracted to each ot her
(opposites attract). The centrifugal force of the el ectron spinning around the
proton hol ds themapart. The attraction and the centrifugal force bal ance each
other out and this holds the electroninits ring.

(5 If the attraction between the proton and el ectron i s broken or
is not strong enough to hold the electron inits path, the electron wll get
any. Like aball tiedtoastringspinning around inthe air, the stringis
the attractive force and the centrifugal force holds the ball out, but if the
string is cut, the ball flies anay.



c. BHectricityisthe flowof electrons fromatomto atomin a conductor.
Wiat causes the electrons to flow? |If an outside force acts on an atom it
wll cause the electron to break free and go to the next atomand so on. Here
is howit works.

(1) Let's take a copper wre and pl ace a negative charge at one end
and a positive charge at the other end.

(20 Beforewe goon, let ne say there are two el ectrical theories:
the "ol d* conventional theory and the el ectron theory.

(a) The conventional theory says that electrons flowfrom
positive to negative. This is what nost peopl e have heard and bel i eve.

(b) The electron theory says that el ectrons flowfromnegative
to positive. Thisis nowthought to be the correct theory and the one that we
wll talk about.

(3) MNowback to our wre. The positive charge at the end of the
wre is stronger than the positive charge of the single atom The free
electron of the atomw || be attracted to the stronger positive charge, causing
it to break free and | eave the atom

(4 This leaves the atomshort one el ectron, so that atomnow has a
strong positive charge and wll attract an electron fromthe next atomand so
on. Thiswll continue as long as the positive and negative charges are
naintained at the end of the wre.

d Ay naterial that allowns electrons to flowthrough it is an electrical
conductor. If an elenent has | ess than four electrons on the outer ring, it is
consi dered to be a good conductor. @l d, silver, copper, and a umnumare good
conductors. @l d and silver are the best, but because of cost, they are
inpractical for conmon usage. A umnumhas a hi gher resistance than copper, so
copper is nainly used.

e. Awy naterial that blocks el ectron flowis an electrical insulator. |f
an el enent has nore than four el ectrons on the outer ring, it is considered to
be an insulator. Common insul ating substances in aut onotive applications are
rubber, plastic, bakelite, varnish, fiberboard, and ceramc gl ass.

f. If an elenent has four electrons inthe outer ring, it is a
semconductor. These are the elenents used in a diode. 0O odes, sonetines
referred to as rectifiers or rectifying diodes, wll be covered later in the
| esson.

0. Earlier | saidelectricity is the flowof electrons. The flow of
electrons is called current. It is neasured wth an anmeter connected in
series wth the circuit and the units of neasurenent are call ed anperes, or

anps.

h. Hectrons are caused to flowby a difference in el ectron balance. In
acircuit, electrons wll flowfroman area where they are concentrated to an
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area were they are lacking. This difference is called potential difference,
electrical pressure, electromotive force, or nore conmonly, voltage. The
higher the voltage or difference, the greater the current flow \oltageis
neasured wth a vol tneter connected parallel tothe circuit and the units of
neasurenent are called volts. Ve wll talk later about types of circuits.

i. \oltage causes electrons to flowbut there is a resistance to fl ow

(1) Bven a good conductor has resistance. This resistance is caused
by the energy needed to break the el ectron free fromthe atom It takes nore
vol tage to overcone this resistance. Resistance is neasured in ohns wth an
ohnmet er

(2) The resistance of a conductor changes wth its length, dianeter,
conposi ti on and tenperat ure.

(&) Along wre has nore resi stance than a short wre of the
sane dianeter and naterial .

(b) Asteel wre has nore resistance than a copper wre.

(c) Asnall dianeter wre has nore resistance than a | arger
wre.

(d Resistance in netal increases wth an increase in
tenperature and resi stance in nonnetal decreases wth an increase in
tenperature (glass is a good insulator at roomtenperature but poor when heat ed
tored hot.)

j. Avery basic circuit consists of a power source, a unit to be
operated, and a wre connecting the two together. If the unit to be operated
istobecontrolled, a swtchwll beincluded inthe circuit.

k. The body and frane in a vehicle are usual |y nade of steel. Thisis
used to elimnate one of the wres fromall of the circuits. By attaching one
of the battery termnals to the frane, any el ectrical conponent can be wred by
hooki ng up one side to the battery and the other to the frane. Thisis called
grounding. The frame wll conplete the circuit back to the battery.

. Aseries circuit consists of two or nore el ectrical conponents that
are connected end-to-end so that any current flow depends on a conpl ete path
through all of the conponents. Any break inthe circuit kills the entire
circut. Tw 12 volt batteries connected in series wll produce 24 volts but
the anperage wll renain the sane.

m Aparalel circuit is tw or nore conponents connected on separate
branches of the circuit. If one conponent fails, it wll not affect the other
conponents. Two 12 volt batteries connected in parallel wll only produce 12
volts but the anperage w il doubl e.



n. Aseries-paralel circuit is a conbination of both circuits. If we
take four 12 volt batteries and connect two each together in series, then
connect the two sets in parallel, we can doubl e the vol tage and anper age.

2. BASC PR NIAE r MGNETT SVAND B ECTROMGNETT C | NDUCTT ON

a Because of your previous training inthis subject, I'mjust going to
gi ve you sone established rules of nagnets and nagneti sm

(1) Anagnet has a north and south pol e.

(2) There are nagnetic lines of force that flow around the nagnet
fromthe north pole into the south pol e.

(3) The magnetic lines of force taken together are referred to as
the nagnetic field of the nagnet.

(4 The stronger the nagnet, the nore lines of force.
(5 Thelines of force never cross each ot her.

(6) Thelines of force act |ike rubber bands and try to shorten to a
nini num| engt h.

(7) Thelines of force repel each other along their entire length
and try to push each other apart.

(8) The rubber band characteristic opposes the push apart
characteri stic.

(9 As westated earlier, opposite poles attract and |ike pol es
repel each other. These rules apply to both pernanent nagnets and
el ect ronagnet s.

b. If curent flows through a wre, it wll produce a nagnetic field
around the wre. The stronger the current, the stronger the field.

() If thewreisturnedinto aloop, the lines of force wll
followthe turninthe wre.

(2 If twoturns are nade inaninsulated wre, the lines wll join
together and circle both loops as if they were just one | oop. However, the
fieldis twce as strong wth the sane anount of current flow

(3) My loopsinawre forned intoacoil wll greatly increase
the strength of the nagnetic field. Because the fields of each loop wil all
jointogether, this coil is an electronagnet. If we change the direction of
curent flowthrough the coil, polarity wll al so change.

(4 Theonlyinsulation for nagnetic lines of force is an air gap.

The stronger the nagnet, the nore air the lines can pass through. Soft ironis
a good conductor of nagnetic lines of force. It is 2500 tines nore perneabl e
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than air. If we wap the coil around a soft iron core, the lines of force can
pass through the soft ironinstead of air and this wll strengthen the
el ectronagnet even nore.

(5 Ve can change the strength of the el ectronagnet by changing the
nuner of |oops of wre or by changing the anount of current flow ng through
the cail.

c. (nce a soft iron core has been nagneti zed and the nagneti zi ng force
has been renoved, the soft ironwll retain a snall anount of nagnetism This
is called residual nagneti sm

d. Three things are required to produce el ectronagnetic i nducti on:

() Anagnetic field

(2) Aclosed conductor, because we need a conpl ete circuit.

(3) Relative notion between the field and the conductor.

e. Gurrent can be induced or caused to flowin a conductor if it is noved
through a nagnetic field.

(1) Asthewre or conductor is noved through the field between two
nagnetic poles, it cuts the lines of force.

(20 Qirrent wll be induced into it because the |ines resist being
cut and wll tend to wap around the wre. This produces a nagnetic whirl
around the wre which pushes the el ectrons through the wre.

(3) The current wll change directions or aternate as we nove the
wre up and down through the field.

f. Ve can change the anount of current induced by changing the strength
of the nagnetic field, the anount of conductor, or the speed that the conductor
cuts the lines of force.

g. Bectronagnetic i nducti on can be acconpl i shed using three net hods:

(1) by causing the conductor to spin wthinthe field, asina
generator,

(2) by causing the field to spin wthin the conductor, as in an
aternator, and

(3) by causing the field to build and collapse, as inanignition
coil.

3. GONSTRUCTT QN AND CPERATI ON F GCOMPONENTS

a Gnerator



(1) The field wndings wth pol e shoes are nothing nore than an
el ectromagnet. They are nade of nany coils of fine wre wapped around t he
pol e shoes, which are constructed of soft iron. They produce the nagnetic
field that the conductor cuts.

(2 The arnature is the conductor. The arnature core i s nade of
lamnated iron. It is wund wth coils of copper wre and nounted on a shaft
wth a coomutator on one end. There is one set of conmutator segnents for each
coil inthe arnature.

(3) Asthe arnmature spins inthe generator, it wll cut the weak
nagnetic fiel d produced by the residual nagneti smin the pol e shoes. This wil
induce a snall voltage inthe armature. That snall voltage is routed back to
the field wndings and wll increase the nagnetic field, causing a | arger
voltage to be induced into the arnmature. Wen the voltage is sufficient to
charge the battery, the cut out relay of the regulator wll close and send the
voltage to the battery. The voltage regulator will a so control the output of
the generator through the field circuit.

b. Aternator

(1) Thefieldinanaternator is the rotor. The rotor is
constructed wth two pol e pieces that have fingerlike projections on them
They sandw ch the field wndings on the shaft. Qe pole piece wll be north
and the other will be the south pole of the nagnetic field. Each end of the
field wnding wll be connected to aslipring that the brushes wll ride on.

(2) The conductor in an alternator is the stator. There are two
types of stators; the delta wound and the wye wound stator. The stator is
nornal |y designed wth three separate wndings so that it produces three
separate alternating currents. This is known as three-phase out put .

(@) Inthe we type stator, each phase is wound around a
lamnated, soft iron core. Al three phases wll cone together at one end.
The other end wll go back to the battery, via the circuitry.

(b) Inthe delta type stator, all three phases are wound
around a soft iron core, just as in the we type. Hwever, phase one wll end
where phase two begins, phase two wll end where phase three begins, and phase
three wll end where phase one begins. It's sort of a series type set up.
Each output lead wll have two wres commng toit. A double wound delta wll
have four wres at each output |ead and twce as nany w ndi ngs.

(3) Inthefilmwe just watched, we sawthat the current was
aternating back and forth in the arnature of the generator but the swtching
action between the brushes and conmutat or caused the generator to put out
direct current. An aternator uses diodes to do the sane thing. Adiodeis a
devise that wll alowcurrent to pass through it inonly one direction. It
can be thought of as a one way el ectrical check valve. There are positive and
negative diodes. A positive diode wll allowpositive current to flowthrough
it and stop negative current, wiile a negative diode wll allownegative
curent to flowthrough it and stop positive current.
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(4 Sone alternators have a conponent called a diode trio. It is
three positive diodes that take current straight fromthe stator to the rotor
toincrease the strength of the field, nuch |i ke sone generators do. In sone
aternators, there wll not be a diode trio but current wll flowfromthe
positive diode back to the rotor to do the sane thing.

(5 Advantages and di sadvant ages
(a) Advantages

1 It issnaller and lighter than a generator wth the sane
out put .

N

It wll produce current at a nuch wder speed range.

3 The brushes are required to carry only enough current to
produce the field and they last | onger since they ride on snooth slip rings.

(b) DO sadvant ages

1 Aternating current produced by an alternator nust be
rectified to direct current wth di odes which are usual |y pretty durabl e but
can be destroyed by reverse polarity and excessive heat.

2 A aternator does not retain residual nagnetism
therefore, you can't push a vehicle "to start it" if it has a dead battery.
Hovwever, this is not areal problemto nlitary vehicles nowsince nost of them
are diesel.

(6) Therotor is energized by the battery through the regulator. As
the rotor spins wthin the stator, current is induced into the stator and goes
to the diodes. There are six diodes, three negative and three positive di odes,
one each per phase. The diodes sort out the current and send it back to the
battery. The output of the alternator is controlled by the regulator. The
regul ator senses the requirenent placed on the el ectrical systemand wll cause
the alternator to put out nore or less to neet that requirenent by controlling
the current going to the rotor.

(7) Inductor type brushl ess alternator

(a) The rotor has two | aminated pi eces nounted on a core
shaft. It has nowndings onit. The field wndings are nounted in the center
of the housinng and surround the center of the shaft. Wen the wndingis
excited, the rotor becones nagneti zed.

(b) This alternator has two we type stators, one on either
side of the field w ndings.

(c) This alternator works like any other alternator except it
doesn't have brushes since the fields don't rotate. It's sort of a conti nation
of a generator and alternator.



(d) The generator like field wndings are energi zed by the
battery which wll nagnetize the rotor spinning in the center. The nagnetic
field of the rotor wll cut the wndings of the stators and i nduce voltage into
them The current is then sent back to the battery through the diodes. The
diodes inthis aternator do the sane job as in other alternators but there are
nore of them

d. Astarter is constructed basically |ike a generator except the
wndings inthe fields and arnature are nuch heavier to handl e the anperage
they wll be subjected to.

(1) Inthe starter, rather than taking current fromthe arnature,
curent is sent toit and alsotothe fields. This nagnetizes the arnature and
the fields. Renenber, |ike poles repel and opposites attract. Inthe starter,
vwhen the north pole of the arnature lines up wth the north pole of the fields,
they wll repel each other, causing the armature to spin. Then, just at the
preci se nonent that the south pole of the arnature lines up wth the north pol e
of the fields, the swtching action between the brushes and the conrmutator w |
reverse the direction of current flowinthe asnature. This wll reverse the
pol arity of the arnature and once again, the like poles wll repel each other.
This will continue as long as current is supplied to the starter.

(20 Inthefilm the operator nanual |y engaged the starter drive and
closed the swtch to send current to the starter notor. V& have a nagnetic
swtch called a solenoid to do that for us. Asolenoid has awre coil init
wth a noveabl e plunger in the mddle. The plunger is held off-center by a
spring. Qe the coil is energized, it creates a nagnetic field. It wll pull
the pl unger back and center the nass of the plunger in the nagnetic field. The
pl unger is connected to a shift lever on one end and has a copper disc on the
other. Wien the solenoid is energized, the plunger wll engage the starter
drive gear wth the engine flyweel. A the sane tine, the disc wll nake
contact wth the starter termnal s and send current to the notor to crank the
engine. Wien the solenoid is de-energized, the spring wll disengage the
starter drive and open the swtch to stop the starter notor.

4. BENOH TEST PROEDURSS

a Parts of aDelcoaternator will not fit ina Leece-Neville alternator
but they contain basically the sane conponents. |f you can test one, you can
test the others and only occasionally do you run into an oddbal | that uses
different procedures. This also applies to starters and generators.

b. The multineter is our nost used piece of test equi pnent, so first 1"l
explain howwe are going to use it and what we are checking for.

(1) There are four basic conditions that we test for during
troubl eshooting and testing el ectrical systens, circuits, or conponents. These
conditions are: continuity, an opencircuit (referred to as an open), a short
circuit (called ashort), and a grounded circuit (nost often called a ground).
Al of these conditions are often wongfully called a short. During testing,
we are checking for these conditions or the lack of these conditions, dependi ng
on the situation.



(2 Qrcuits
(@) Qontinuity is a conplete circuit.

(b) A openis abreak or interruptioninthe circuit, such as
a broken wre or a connection that has cone | oose.

(c) Ashort occurs when one wre in the circuit touches
another wreinthecircuit and part of the circuit is by-passed or shorted.
An exanpl e of this is wen wring insulation between two wres fails and the
w ring nakes contact.

(d) A ground occurs whenever any part of the wring circuit is
toughing the vehicle frane. A ground i nvol ves accidental or intentional
contact between the circuit and the frane.

(3) Wen we check for continuity, we wll use the | onest scal e of
the ohnmeter. Qur reading is hownuch resistance is inthe circuit. If there
isnoreading (infinity), anopenis indicated. Too |lowof a reading woul d
indicate a short and too high of a reading woul d i ndi cate excessi ve resi st ance,
possi bl y corrosi on.

(4 Wen we check for a ground, we wll use the highest scale of the
ohnmeter. If we get a reading, the conponent is grounded.

(5 Wien we check a diode, we wll use the diode scal e or X1000
scal e.

c. nhal conponents, you start wth a good general visual inspection.
Look for anything unusual, such as cracks, breaks, chips, scraped insulation,
burnt or broken wndings, and so on. G an arnature, you al so have to i nspect
the coomtator. Mke sure the segnents aren't touching each other and not hi ng
i s between the segnents except the insulation. If you find any of this, you
nust clean it out. Mke any neasurenents called for. |If it passes the visual
i nspection, we can bench test it.

(1) Check the conmutator segnents for continuity, using either the
ohnmeter or the test leads of the grower. Al of the segnents shoul d have
continuity wth each ot her.

(2) Check the arnmature for a ground. Wth the ohnmeter, check from
any conmut at or segnent to the shaft. The ohnmeter reading should be infinity.

(3) Check for internal shorts wth the grower. Hace the arnature
onthe grower, turnit on, and wth athin strip of netal, go around the
anature. If the netal strip vibrates, the arnmature is shorted. The exception
tothisis the arnature for the 40 anp generator; it shoul d cause the netal
striptovibrate.

(4 |If the armature fails any of these tests, it nust be repl aced.



d. The next conponent to test is the field wndings. Qe again, perform
a visual inspection first, then check the field wndings for continuity and for
aground. There are nany variations of fields, so a general statenent on how
to check themwouldn't be in order. Ve wll denonstrate that during the
cl asses on i ndividual conponents.

e. Al rotors are pretty much the sane. After you visual ly inspect the
rotor, check for continuity between the slip rings and for a ground between one
slipring and the shaft. There should be continuity between the slip rings but
no ground between the slip rings and shaft. Replace the rotor if either test
fails.

f. Onhthe stator, we check for continuity between the leads 1to 2, 1to
3, and 2to 3. W& should have continuity. n a delta wound stator, this test
i s inconcl usi ve because a phase coul d be open and we woul d still get a readi ng.
Check for a ground between a stator lead and the iron core. There shoul d not
be a ground.

g There are nany variations of diodes but they all test the sane. The
only way to determine if you have a positive or negative diode is totest it
wth an ohnmeter or test light. To start wth, put the ohnmeter on the scal e
wth the diode syntbol or the XL000 scal e. Touch one | ead to one side of the
diode and the other lead to the other side, then reverse the | eads. You should
have a reading one way and not the other. If you don't get a reading either
vay or if you get a reading both ways, repl ace the di ode.

h. Ve don't have the equi pnent to properly check a capacitor or filter
but we can check to see if it iswrkingat all. Rut the ohnmeter onits
highest scale. PRut one lead on the capacitor |ead and the other nultineter
lead on the capacitor housing. The reading should clint, then cone back down.
If it doesn't, reverse the leads. This shows us that the capacitor is |oading
and unloading. If it does, we're goingtocall it good, if it does not, we
wll replace the capacitor.

i. The last conponent we are going to talk about is the regulator. Mbst
equi pnent today has a solid state regulator onit. The only thing we can do to
it isvisualy inspect it and do a perfornance check. Away to dothisis to
put the regulator on a known good alternator and see if it works. If it does,
it"'s good; if it doesn't, it's bad.

FEEENES

Del co Reny, Fundanental s of Hectricity and Mgneti sm
TM9- 8000
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